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A microscopical theory of electronic spectrum and superconductivity is formulated within the two-dimensional 
anisotropic t — J model with 7^ ty and Jx Jy Renormalization of electronic spectrum and superconductivity 
mediated by spin-fluctuations are investigated within the Eliashberg equation in the weak coupling approximation. 
The gap function has d + s symmetry with the extended s-wave component being proportional to the asymmetry 
ty — tx- Some experimental consequences of the obtained results are discussed. 



Recently the d-wave symmetry of supercon- 
ducting pairing in cuprates was unambiguously 
confirmed by observation of half-integer magnetic 
flux quantum Q . In a tetragonal phase of copper 
oxides the s-wave component must be strongly 
suppressed due to on-site Coulomb correlations. 
For the 2D t-J model it follows from the con- 
straint of no double occupancy on a single site 
given by the identity ||^: 

(ai,a-ai,-o-) = ^ X! ("k.'T^-k,-'^) = 0- (1) 

for the projected electron operators ai^a- — 
fli,CT(l ^ Tii^^a). The anomalous correlation func- 
tion {ak^crO,-k,-a) IS proportional to the gap func- 
tion, A(fca;,/cj,), multiplied by a positive func- 
tion symmetric in respect to the D/^h point group 
which defines the symmetry of the Fermi sur- 
face (FS). Therefore to satisfy the condition (|^) 
the gap function should have a lower symme- 
try, e.g. Big, "d-wave" symmetry (see, e.g. Q): 

In the orthorhombic phase the FS has a lower 
symmetry, e.g., D2h, and the condition (|l|) can be 
fulfilled for a gap function of the same symmetry 
(within the Eig irreducible representation) which 
can be written in a general form ("d + s"): 

) + eAs{kx,ky). (2) 

where As(kx, ky) — As{ky, kx) is "the extended 
s-wave" component. 

In the present paper we calculate supercon- 
ducting Tc for the 2D t-t'-J model within the 



theory developed by us in [y, both in tetrago- 
nal and orthorhombic phases. The orthorhom- 
bic (-D2/1) distortion is taken into account by in- 
troducing the asymmetric hopping parameters tij 
and the exchange interaction Jij for the nearest 
neighbors (n.n.) in the form: t^/y — t{l ± a), 
Jx/y — >/(li/3) where the asymmetry parameters 
are supposed to be small quantities: a ^ /3 ~ 0.1. 
For the next n.n., tij — t' . 

The Dyson equations for the matrix Green 
function (GF) in the Nambu notation was ob- 
tained by the equation of motion method for the 
Hubbard operators as described in Q. For esti- 
mation of the role of orthorhombic deformation 
we consider here only the weak-coupling approx- 
imation. However, to take into account strong 
electronic correlations in the t-J model due to re- 
stricted hopping in the singly occupied subband 
we write the single-electron spectral density in the 
form: A(k,Lu) ^ ZkS{uj + fi — Ek) + Aind'-o)- The 
quasiparticle weight Zk and the incoherent part 
Ainci'-^) are coupled by the sum rule for the spec- 
tral density: dujA{k,LL!) = 1 — n/2. To fix 
the value of Zk we assume that the FS for quasi- 
particles with spectrum Ek obeys the Luttinger 
theorem: the average number of electrons is equal 
to the number of states in /c-space below the 
chemical potential /x: n = (l/N) (j{6xp[i?fc — 
+ 1}~^. /^From these conditions we have es- 
timations: Z ~ (1 — n)/(l — n/2) and Aindw) — 
(n/2)^/(l — n/2){W — F) where we have sug- 
gested that the coherent band lies in the range 



2 



— r < u! <T while the incoherent band Ues below 
the coherent band in the range —W<uj<~T. 
By taking into account the renormalization of the 
coherent part of the spectral weight by Zk we 
write the equation for the gap in the weak cou- 
pling approximation in the form: 

A. = li:K(,,.-,)4^..nh|^ (3) 

where = [{Eg - ^if + A^jVz ^^d Eg ~ 

—teffYl(<l) + oivil)] ~ ^e//7'(^) with renormal- 
ized due to strong correlations hopping param- 
eters and 7(g) = (l/2)(cosgx + cos qy), rj{q) = 
(1/2) (cos g^; - cos qy),^'{q) = cos q^ cos qy g]. 
K{q, k - q) = {2g{q, k ~ q) ~ \{q, k - q)} with 
the vertex g{q,k ~ q) — t{q) — Jik — q)/2 and 
A(g, k — q) = g^{q, k — q)x{k — q). The first term 
in the vertex, t{q), is due to the kinematical in- 
teraction caused by constraints and the second 
one, J{q), is the exchange coupling. They have 
different g-dependence and are effective at dif- 
ferent doping. The spin- fluctuation coupling in 
X{q,k ~ q) is defined by the static spin suscep- 
tibility x(/c — q) for which we used the model 
x{q) — Xo/[l + C^(l + 7(9))] where the antiferro- 
magnetic (AFM) correlation length ^ is a fitting 
parameter while xo is normalized by the condi- 
tion: 1/NJ2^{SA) - (3/4)n. 

We performed numerical solution of Eq. (|^) for 
the gap in the form (^ with Ad{kx, ky) — Ari{k) 
and As(fca;, ky) — A7(fc). By taking into account 
the constraint of no double occupancy, Eq. (|l|) , we 
estimate the weight e of the s-component. The 
critical temperature Tc{S) (in units oft) is shown 
on Fig.l in the tetragonal, a = 0.0, (bold line) 
and orthorhombic, a — 0.1, (dashed line) phases 
for J = OAt, ^ = 2, <' = 0.0. Suppression of in 
the orthorhombic phase is due to a deformation 
of the FS resulting in a less favourable electron 
pairing by the AFM spin fluctuations. Increas- 
ing of AFM interaction due to larger J or/and ^ 
strongly enhances Tc though does not change the 
shape of the curve. Its maximum at (5 ~ 0.35 is 
due to an interplay between the shape of the FS 
(defined by the quasiparticle spectrum Eg) and 
the coherent spectral weig ht Z2 in Eq.(|). Par- 
ticularly, for t'/t = —0.1 (+0.1) we observed a 



strong enhancement (suppression) of Tc ((5) due to 
change of the FS. In the orthorhombic phase the 
s-wave component with e < — 1 (depending on 
the doping) appears in Eq.(^) shifting 4 nodes of 
the gap at the FS from the diagonals kx = iky 
in a tetragonal phase as in Ref. 
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Figure 1. Tc{d) in the tetragonal (bold line) and 
orthorhombic (dashed line) phases (<' = 0.0). 
To conclude, in the present paper we estimate 
the role of orthorhombic deformation in cuprates 
within the t-t'-J model by solving the equation 
(^) for a gap of general symmetry (ph with con- 
straint of no double occupancy, Eq.(n|). The ob- 
tained dependence Tc{5) in Fig.l can explain a 
suppression of Tc in the orthorhombic phase that 
observed in LSCO Q and anisotropic pressure de- 
pendence of Tc in YBCO 0. Quite a large "s"- 
wave component in the gap (^is in accord with a 
nonzero tunnelling along the c-axis in YBCO |^ . 
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